Endogenous opioid peptides and the control of pain 1 In recent years it has become evident that peptides of relatively small molecular weight play an important role not only in the regulation of endocrine function but also in the control of certain pathways in the central nervous system. The discovery of peptides which mimic the actions of morphine is of particular interest since it may give an insight into the physiological modulation of responses to painful experiences. Two such pentapeptides, methionine-enkephalin (tyrosineglycine-glycine-phenylalanine-methionine) and leucine-enkephalin (tyrosine-glycine-glycine-phenylalanine-leucine) were identified in extracts of pig brains (Hughes et al. 1975) and of other species. It is of interest that the sequence of methionine-enkephalin is present in the pituitary peptide filipotropin as amino acid residues 61-65.
and, to a lesser extent, the medullary raphe nuclei. From lesion experiments it would appear that the enkephalinergic neurones in the dorsal horn are interneurones or propriospinal neurones with nerve terminals in laminae I and II, areas which are also very rich in substance P containing nerve terminals arising from primary afferent neurones. On the basis of these observations and the fact that D-Ala 2 -methionine-enkephalin amide inhibits the K + -induced release of substance P from slices of spinal trigeminal nerve nuclei, the hypothesis has been put forward that presynaptic enkephalinergic neurones reduce the release of substance P from small diameter primary afferent fibres and thus modulate the transmission of nociceptive stimuli (Jessell & Iversen, 1977) .
If the opioid peptides present in the central nervous system play a physiological role, it would follow that the opiate antagonists, naloxone and naltrexone, should increase pain perception in man and in animals. Perhaps surprisingly, the results of such investigations have not been consistent. Some authors have reported negative findings (El-Sobky et al. 1976; Goldstein et al. 1976) , whereas others obtained increases in nociceptive responses (Jacob et al. 1974; Frederickson et al. 1976) . Analysis of the reasons for these discrepancies should give an important insight into the nature and physiological significance of the postulated pain modulation by the enkephalinergic neurones.
More information on the effects of naloxone has been obtained from its interaction with the antinociception induced by electrical stimulation of different areas of the brain. For instance, the antinociceptive effect of stimulation of the periaqueductal grey of the brain stem of rats is blocked by naloxone (Akil et al. 1972) , although this finding has not been unequivocally confirmed by other authors (Pert & Walter, 1976; Yaksh et al. 1976) . Further, it has been shown that the analgesia produced by electrical stimulation of the periventricular and periaqueductal grey in patients with intractable pain is reversed by naloxone (Hosobuchi et al. 1977) . Important findings were that an intensity of stimulation sufficient to induce pain relief does not seem to alter the acute pain threshold and that indiscriminate repetitive stimulation leads to tolerance to the analgesic effect of electrical stimulation and of narcotic analgesics. In cases of successful electrical stimulation, there is often an increase in the amount of opioid peptides in the cerebrospinal fluid (Terenius, 1978; J. Miles, J. Hughes & H. W. Kosterlitz, unpublished observations). Finally, it has been reported that the analgesic effects of acupuncture on the pain caused by electrical stimulation of teeth in man are abolished by naloxone (Mayer et al. 1977) . On the other hand, naloxone has no effect on analgesia induced by hypnosis (Goldstein & Hilgard, 1975; Mayer et al. 1977) .
The role of /?-endorphin in physiological modulation of pain is still as uncertain as that of the enkephalins. As already mentioned, this peptide has powerful antinociceptive effects and it has been shown that in conditions of stress it is released from the pituitary into the blood stream together with corticotrophin (Guillemin et al. 1977) . Under such conditions, the content of /?-endorphin decreases in the hypothalamus but does not change in other areas of the brain. From a consideration of the levels of/?-endorphin in the plasma, it is unlikely that the /?-endorphin released into the blood stream is correlated with the mechanisms underlying pain suppression (Rossier et al. 1977a) .
As far as therapeutic usefulness is concerned, the long-chain peptides have the disadvantage of the expense of their synthesis. Since the naturally occurring pentapeptides, methionine-and leucineenkephalin, cannot be used because of their short biological survival, a very large number of analogues have been synthesized in numerous pharmaceutical laboratories. Such analogues may be potent antinociceptive agents after administration into the cerebral ventricles (e.g. D-Ala 2 -Metenkephalin amide, ; NCH 3 -Tyr-Gly-Gly-Phe-Met amide, Feldberg &. Smyth, 1977 ; Tyr-D-AIa-Gly-Phe-D-Leu, Baxter et al. 1977) . Other analogues are active after intravenous and subcutaneous injection (e.g. Tyr-D-Met-Gly-Phe-Pro amide, Szekely et al. 1977 ), but only one or two compounds have an antinociceptive effect after oral administration (e.g. Tyr-D-Ala-Gly-NCH 3 PheMet(O)-ol or FK 33-284, Sandoz; Roemer et al. 1977) . In this context it is of importance that there are in the central nervous system several opiate receptors with different pharmacological characteristics; for instance, the ^-receptors have a higher affinity for the enkephalins than for morphine, whereas the /t-receptors have a higher affinity for morphine than for the enkephalins (Lord et al. 1977) . It should be noted that most of the published analogues have a lower affinity for the 8-receptors than the natural enkephalins and a higher affinity for the /^-receptors; one of the few exceptions is Tyr-D-Ala-Gly-Phe-D-Leu (Lord et al. 1977; unpublished observations) . This change in relative affinity may be of particular importance with regard to the non-analgesic actions of these compounds, such as their effects on respiration, mood, gastrointestinal motility and endocrine functions. At present, it is not possible to allocate different physiological roles to the different types of receptors.
As far as is known at present, all natural and synthetic opioid peptides are liable to produce tolerance and dependence. There is no evidence, however, that under physiological conditions animals or man are tolerant to, and dependent on, their own endogenous opioid peptides. The mechanisms which appear to prevent occurrence of such dependence are the sequestration of the opioid peptides in subcellular structures and the rapid destruction, particularly of the short-chain enkephalins, after their release from the nerve endings. These circumstances would limit the duration of exposure of the receptors to their ligands, thus avoiding the development of tolerance and dependence .
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